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BEAM 


Many. the everyday problems stress analysis unfortunately 
seem require amount labor that far out proportion 
the elementary nature the problem, these are everyday 
tasks, the very frequency with which they occur compounds 
faction results whenever one comes upon interesting technique 
especially applicable und useful the solution these 


Problems involving determination the elastic curve bean 
the deflections discrete points along the beam certainly 
classed among the routine such, they deserve most 
thorough efforts directed toward reduction labor and increase 
interest. The step-function may used simplify 
number routine beam problems and, the author's opinion, offers 
means for making these problems more ‘liie several examples 
which follow will serve indicate the possibilities this approach. 


beam problems was presented Clebsch [3] The 
concept was also used his classical treatise [4] 
strength materials, heference may also made treat- 
ment [7] and the works and Case [9]. 
appears that the application the step-function bean with 
siderable renewed interest tiie use the beam 
problems. 


different, ordinarily separate eyuations order 
must writter for the This requires evaluation 
the entire span the beam; and arbitrary constants need 
evaluated, The efficiency the use the 
these results from this reduction the 
also that certain number the remaining constants are identically 


brackets refer the list references the end 
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Page 
The step-function defined function which has 


value zero the interval between and and, 
assumes value unity which thereafter maintained for the 
remaining portion tne 


(1) 


step-function therefore has the property that, when 
multiplied function f(x), obliterates cancels 
the function the that is, 


f(x) 


important the step-function the following: 


where F(x) regular function 


\ 


example 


(4) proved. when x>a 


and, view kq. (1), 


Now, let dx, and therefore 


and, finally 


evaluation F(z) the lower limit has been absorbed into 
the constant Thus (4) proved. 
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may also note 


2 Ha (x-a)" Cc (6) 


(7) follows from may mentioned that the 
quantity most easily integrated without first expanding 
according the binomial theorem. 


APPLICATION PROBLEMS 


proceeding the applications step-functions, 
recall the following relations between shear 
bending moment and deflection 


dx3 


which the usual sign conventions for shear and bending moment 
are used, and both and are positive the downward direction. 


vimple Beam with Concentrated Load (Fig. 


clearly advantageous start analysis with the lowest 
order differential equation which can write directly. the 
present case, this will the equation the bending 
the origin taken the left end the beam and the load 
placed then single expression for the bending moment 
any point 


L a 
which The firstterm the right due the reaction, 


and the second term the moment the applied load which vanishes, 
virtue when have then the differential equation 
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Page 
which integrates 


Since the ends the beam, follows that and noting 
that when also have 


Pab 
bx? 


observe that the left the load, and that the 
terms involving (x-a) approach the load from the right. 
Thus see that the expressions for moment, slope and deflection 
are properly and automatically continuous the point x=a. the 
usual double integration procedure had been used without the step- 
function, total constants would appear. 
tion two these would have required solution two 


may noted that the analysis have been started with 
the expression for the shear 


instead Eq. (10) for the bending moment. may 
noted that (12) obtained from (10) formal differentiation, 


Simple Beam with Several Loads 


Let simply-supported beam carry concentrated loads 
distances measured from the left end and 
distances from the right end define 
the following unit step-functions: 


The left reaction may written 
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Hence 


H P, (x-a,)? 


latxsl, 


This result could have been obtained summation the final 
result the previous example. the other hand, obtain the 
solution the double method wuld involve 2(n-1) arbi- 
trary constants and the solution pairs simultaneous equations 
these constants, 

Built-in Beam with Intermediate Support (Fig. 


centrated load The equation for shear 


202-5 


Page 
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Kence 


The condition that the deflection and slope are zero the origin 
requires that The condition that the slope zero 


yields 


solution (16) and (17) yields the correct values 


and 


may noted that this problem cin formulated alternatively 
terms the redundant end-moments and the intermediate reactive 
force, 


Beam with Partial Distributed Load (Fig. 


distributed load lbs. per unit length extends from 


and 


direct integration obtain 
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Hence and are the second derivative and the 


deflection are also zero 


Hence 


2 2 2 } 


Beam with Partial Linearly Varying Load (Fig. 
For triangular loeding beginning and increasing 


(x-a) 


Hence 


——_ + + 
and 
(20) 
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dx* 
+ Cc e 


the beam simply-supported then the deflection 


the beam also simply-supported the conditions that 
and its second derivativeare zero this point yield 


ys ¥9 H, (x-a) 


21 


- 


Beam (Fig. 


For the beam loaded Fig. the bending moment any 
point may written 


where = 


12L 
Thus 
and 
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defined such that 


the following expression holds for the entire span the stepped 
beam: 


Consequently, since 


have 
Hok) 


The last two terms are not standard form and, therefore, the 
equation must rewritten 


Page 
where 
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Fece 


the second being identically zero 
virtue the fect that the deflection zero 


point ond set zero. (24) and (26) thus provide 
two which may solved for the 
The equations also may used slope-deflection 
moment distribution constents for 
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Step Function, 


Arbitrary Function 


f(x) 


Product Step-Function 
and Arbitrary Function. 


SOME PROPERTIES 
THE STEP-FUNCTION 
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